pattern variability, that is, variability in bedtimes and sleep duration between weekdays and weekends, is associated with poorer perceived mental and physical health. 10, 13, 20 However, these studies have not used operational diagnostic criteria to assess associations with clinically relevant mental disorders. Third, to our knowledge, no studies of the associations of sleep patterns with mental disorders have used nationally representative samples.
In light of these knowledge gaps, this study aimed to describe the distribution of sleep patterns (weeknight bedtime, weeknight sleep duration, weekend bedtime delay, and weekend oversleep) among a nationally representative sample of US adolescents, both overall and by sociodemographic characteristics, and estimate associations between atypical sleep patterns and mental disorders, suicidality, injury, tobacco smoking, and perceived mental and physical health.
Methods
The National Comorbidity Survey Adolescent Supplement (NCS-A) is a nationally representative, face-to-face survey of adolescents residing in households in the continental US. A total of 10 123 adolescents, aged 13-18 years, participated in this study with a response rate of 82.9%. Details about the design, sampling, and measure have been published elsewhere. 21, 22 In brief, the NCS-A is a national probability sample including both household and school subsamples. Adolescents participated in in-depth personal interviews conducted from 2001 to 2004 that assessed personal characteristics, sociodemographics, physical health conditions, and DSM-IV mental disorders. Written informed consent was obtained from parents (except for adolescents who were emancipated minors) and adolescents. The study was approved by the institutional review boards at the University of Michigan and Harvard University at the time of initial data collection.
Sleep Pattern Measures and Sociodemographic Correlates
Respondents were asked about their sleep patterns, including bedtime and sleep duration on weekdays and weekends, during in-person interviews. Bedtime and sleep duration were collected by asking usual sleeping habits without reference to a specific time frame: (1) "What time do you usually go to bed on weeknights/weekend nights?" and (2) "How many hours of sleep do you usually get on weeknights/weekend nights?" Participants responded in military time. Adolescents that reported a bedtime between 06:00 and 18:00 or sleep duration of greater than 14 hours were considered outliers and excluded from the current study. 4, 23 There were 91 outliers for weekday bedtime (0.9%), 165 for weekend bedtime (1.6%), 7 for weekday sleep duration (0.07%), and 33 for weekend sleep duration (0.3%).
Weekday bedtime, weekday sleep duration, weekend bedtime delay (weekend bedtime -weekday bedtime), and weekend oversleep (weekend sleep duration -weekday sleep duration) were classified into tertiles. Sociodemographic characteristics were reported by adolescents and included age (in years), sex, and race/ethnicity (Hispanic, non-Hispanic black, non-Hispanic white, and "other").
Assessment of Mental Health Correlates
A modification of the fully structured World Health Organization Composite International Diagnostic Interview was used to assess DSM-IV disorders by lay interviewers, who were professionals at the Institute for Social Research and had completed a 2-day general interviewer training and a 5-day additional training specific to the NCS-A. Details about the interviewer training and field quality control have been published elsewhere. 21 In addition, behavioral disorders, including attention-deficit/hyperactivity disorder, conduct disorder, and oppositional defiant disorder, measured by parent report using a parent self-administered questionnaire (PSAQ), were included. Because parents are much more accurate reporters than adolescents in attention-deficit/hyperactivity disorder, 24 attention-deficit/hyperactivity disorder was defined by parent report, whereas the other behavioral disorders were defined by endorsement by either the parent or adolescent at symptom level. Analyses of behavioral disorders were restricted to the subsample of adolescents with available parent reports. Definitions of all psychiatric disorders adhered to DSM-IV criteria, except the definition of oppositional defiant disorder, which was modified to enhance clinical validity based on a clinical reappraisal subsample. 25 The diagnoses of DSM-IV disorders in the past 12 months were used in the current study. The 12-month prevalence rates of mental disorders in the NCS-A have been published previously. 26 Five categories of mental disorders were included into the final analyses: mood (major depressive disorder, dysthymia, bipolar I, and bipolar II), anxiety (agoraphobia, generalized anxiety disorder, social phobia, specific phobia, panic disorder, post-traumatic stress disorder, separation anxiety disorder), substance use (alcohol abuse or dependence, drug abuse or dependence), eating disorders (anorexia, bulimia, binge eating), and behavior disorders (conduct disorder, oppositional defiant disorder). Suicidality included any suicidal thoughts, plans, or attempts in the past 12 months.
Lifetime tobacco smoking was assessed by a positive response to the question, "Are you a current smoker, ex-smoker, or have you never smoked?" and/or "Was there ever a time in your life lasting at least 2 months when you smoked at least once per week?" Past-year injury was assessed by the question, "In the past 12 months did you have an accident, injury, or poisoning that required medical attention?" Perceived physical and mental health were assessed by the question "How would you rate your overall physical (mental) health -excellent, very good, good, fair, or poor?" and were coded to indicate fair or poor perceived health.
Statistical Analyses
Analytic sample sizes were 10 003 for weekday bedtime (6417 in PSAQ subsample), 10 072 for weekday sleep duration (6449 in PSAQ subsample), 9748 for weekend bedtime delay (6252 in PSAQ subsample), and 9965 for weekend oversleep (6381 in PSAQ subsample). To account for complex sampling design features of the NCS-A and obtain unbiased THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 182 variances and confidence intervals, all analyses were conducted using the SPSS complex sampling module incorporating the Taylor series linearization approach (IBM Corp, Released 2010; IBM SPSS Statistics for Windows, Version 19.0, Armonk, New York). Descriptive statistics were estimated as means ± standard errors for continuous variables and percentages ± standard errors for categorical variables. Logistic regression was used to estimate ORs and 95% CIs for associations of sleep patterns with mental disorders and health outcomes after adjustment for age, sex, and race/ethnicity, which were entered categorically ( Table I) . These demographics have been associated with both sleep patterns and mental disorders [4] [5] [6] [7] 26 and therefore could otherwise confound their relationship. Sleep pattern tertiles were entered as categorical variables with the middle tertile as the reference group. A P value of less than .05 (2-sided) was considered statistically significant.
Results
The average sleep patterns, overall and by sociodemographic characteristics, are displayed in Table I . The mean bedtime during weeknights in the total sample was 22:37 and the mean weeknight sleep duration was 7 hours 43 minutes. The mean weekend bedtime delay was 1.81 hours and the mean weekend sleep compensation was 1.17 hours. Sleep patterns differed significantly by age, sex, and race/ethnicity. Older adolescents generally had later weeknight bedtimes and shorter sleep durations; weekend oversleep also varied by age and was greatest among 15-year-olds. Females had slightly shorter weekday sleep duration and longer weekend oversleep compared with males. Both weekend sleep delay and oversleep differed by race/ ethnicity: weekend sleep delay was greatest among nonHispanic blacks and least among those of "other" ethnicity, and weekend oversleep was greatest among non-Hispanic whites and least among non-Hispanic blacks.
Adjusted associations of weeknight bedtime and sleep duration with mental disorders and health outcomes are shown in Table II . Compared with the middle tertile of weeknight bedtime, early bedtime (before 22:00) was associated with lower odds of suicidality (OR, 0.59). Later bedtime (after 22:30) was associated with greater odds of mood disorder, substance use disorder, behavior disorder, any mental disorder, tobacco smoking, poor perceived mental health, and poor perceived physical health, with ORs ranging from 1.27 (95% CI, 1.03-1.58) to 1.77 (95% CI, 1.29-2.44). Compared with the middle tertile of weeknight sleep duration, adolescents with short sleep duration (7 hours or less) had greater odds of mood disorder, anxiety disorder, substance use disorder, behavioral disorder, any mental disorder, suicidality, tobacco smoking, and poor perceived mental health, with ORs ranging from 1.27 (95% CI, 1.06-1.54) to 2.5 (95% CI, 1.56-2.71). Long weekday sleep duration (more than 8 hours) was not associated with any mental disorders or health outcomes.
Adjusted associations of weekend bedtime delay and oversleep with mental disorders and health outcomes are presented in Table III . Compared with the middle tertile of bedtime delay, greater bedtime delay (more than 2 hours) was associated with higher odds of mood disorder, substance use disorder, behavior disorder, any mental disorder, suicidality, tobacco smoking, poor perceived mental health, and poor perceived physical health, with ORs ranging from 1.31 (95% CI, 1.07-1.59) to 2.15 (95% CI, 1.58-2.91). Shorter weekend bedtime delay was not associated with any mental disorders or health outcomes. Compared with the middle tertile of weekend oversleep, shorter weekend oversleep (0 hours or less) was associated with higher odds of anxiety disorder, behavior disorder, any mental disorder, tobacco smoking, and poor perceived physical health, with ORs ranging from 1.30 (95% CI, 1.08-1.58) to 1.69 (95% CI, 1.21-2.36). Greater weekend oversleep (more than 2 hours) was associated with higher odds of mood disorder, behavior disorder, any mental disorder, 
Discussion
In this large, nationally representative study of US adolescents, we found that the average weekday sleep duration of 7 hours 43 minutes was less than the 8-10 hours recommended by the National Sleep Foundation. 3,4 Short sleep duration and later weekday bedtime were associated with mood, anxiety, substance use, and other behavior disorders, as well as smoking and poorer perceived mental and physical health. Weekend sleep patterns were also associated with most of these negative indices of mental and physical health. These findings suggest that interventions aimed at both individual 27 and community-level 28 influences on sleep may help to reduce the mental and physical health correlates of suboptimal sleep patterns. To our knowledge, prior studies have not documented associations of sleep patterns with a broad range of DSM disorders among a representative sample of US adolescents. These associations between adverse health outcomes with late bedtime and short sleep duration are consistent with previous studies of insufficient sleep and mental and physical health. [14] [15] [16] [17] [18] In adults, insufficient sleep has been associated with a series of mental disorders, 29 depression, 30 obsessive-compulsive disorder, 31 poor perceived mental health, 32 suicidality, 33 and deficits in neuropsychological performance. 34 Although fewer studies have been conducted in adolescent populations, they have reported similar results that short sleep duration, in general, increases the risk of poor mental health.
14-18 For example, Sivertsen et al 35 found that adolescents with depressive symptoms reported later bedtimes and shorter sleep Values are ORs (95% CI) adjusted for age, sex, and race/ethnicity. Percents are weighted. Reference is those with 1.01-2 hours weekend bedtime delay (n = 3308; 34.1%) and 0-2 hours weekend oversleep (n = 3968; 39.3%). ORs reaching statistical significance (ie, with CIs that do not contain 1) are in bold. *PSAQ weighted subsample (bedtime n = 6252; oversleep n = 6381).
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Volume 182 durations than their nondepressed counterparts. Gangwisch et al 36 reported that adolescents with later (midnight or later) parent-set bedtimes were more likely to report depressive symptoms and suicidal ideation than adolescents with earlier (10:00 p.m. or earlier) parent-set bedtimes. Asarnow et al 37 reported that late school year bedtimes among students in grades 7-12 were associated prospectively with emotional distress at 18-26 years of age. Finally, although it has been suggested that both short and long sleep duration may be associated with poor mental health, 30 we did not find any associations of long sleep duration during weekdays with any measured outcomes. This may be because adolescents who have long sleep duration relative to their peers are more likely to meet the recommended sleep duration guidelines. 3 Although weekend bedtime delay and oversleep are common lifestyle practices for both adults and adolescents, the impact of these 2 phenomena on adverse physical and mental health outcomes among adolescents has been investigated in relatively few studies. 13, [38] [39] [40] [41] [42] Associations of weekend bedtime delay and oversleep with mental disorders, smoking, and perceived health in our study are consistent with demonstrated links of irregular sleep/wake patterns with poor mental health, poor academic performance, and obesity.
13,38-42 Although we did not estimate explicitly the optimal amount of weekend oversleep in this study, adolescents with partial weekend oversleep fared better than those with either short or long oversleep in terms of associated mental disorders and health-related outcomes. Small amounts of weekend sleep compensation may help to reduce risks associated with cumulative sleep loss during weekdays, consistent with previous research showing that weekend and holiday sleep compensation is associated with a reduced risk of obesity in children. 40 In contrast, short weekend oversleep may be an indicator of greater weekend bedtime delay, because very late weekend bedtimes could limit the time available for sleeping in on weekends.
Long amounts of weekend oversleep, however, were associated with worse mental health in our study. Two mechanisms may underlie this observation. First, increased weekend oversleep may be an indicator of severe sleep loss during weekdays, the effects of which cannot be remedied by weekend sleep. Second, increased weekend oversleep may lead to circadian rhythm misalignment and subsequent poor mental health. 43 Although we cannot establish temporality in this crosssectional study, there is reason to believe that the relationships between inadequate or disrupted sleep patterns and mental disorders are bidirectional. Irregular sleep patterns may be caused by the presence of mental disorder and this could occur both after the disorder is fully manifest as well as before manifestation as an early sign or prodromal symptom. For example, insomnia and hypersomnia are common symptoms of depression, 44 and changes in sleep patterns can mark the emergence of a manic episode in some people with bipolar disorder or those at risk of bipolar disorder. 45 In addition, a recent meta-analysis found support for the idea that sleep disturbance may be a precursor to the development of depression in adolescents. 46 To the extent that the associations presented here reflect causal effects of mental disorder on sleep patterns, irregular sleep patterns may serve as markers of unrecognized or untreated mental disorder among adolescents. Interventions that increase public awareness of the links between mental disorders and sleep may, therefore, help parents, teachers, and other caretakers to identify adolescents in need of services.
In contrast, irregular sleep patterns may be a cause of mental disorders. Experimental sleep restriction protocols in adolescents have been associated with adverse mood states such as depression, anxiety, and hostility, 47, 48 as well as lower positive affect. 49 In a recent review, Robillard et al 50 concluded that sleep/ wake and circadian disturbances might be causal factors in the pathogenesis of bipolar disorder. However, there is a dearth of data on the longitudinal impacts of insufficient sleep on general mental health, especially for a range of DSM-IV mental disorders. To the extent that the associations presented herein reflect causal effects of suboptimal sleep patterns on mental health, they may represent a window of opportunity for interventions that may have broad benefits in reducing the burden of mental disorder among adolescents. We have been unable to locate interventional studies that explore the effects of extending sleep time and advancing bedtime on mental health in adolescents. However, in 1 school-based intervention where school start time was delayed by 30 minutes, mean sleep duration increased by 45 minutes after the delay was instituted, and there was a decrease in the percentage of students who rated themselves as being unhappy, or depressed and irritated, or annoyed. 51 Likewise, Wolfson et al 52 recently reported a declining trend in internalizing symptoms among those in the seventh grade who participated in a school-based sleep hygiene educational intervention compared with a control school. In light of the high prevalence of suboptimal sleep patterns in adolescents, further studies are warranted to assess whether sleep pattern interventions may benefit adolescent mental health.
A major strength of this study is the use of a nationally representative, population-based sample of US adolescents. A broad array of DSM-IV disorders were assessed systematically during in-depth, in-person interviews. Likewise, sleep patterns on both weekdays and weekends were assessed comprehensively. However, some limitations should be kept in mind when interpreting our results. As mentioned, this study was crosssectional, and the temporal ordering of sleep patterns and mental disorders cannot be established. Analysis was restricted to past-year diagnoses to reduce any long-lasting causal effects of mental disorders on sleep patterns. Here, sleep patterns were measured by adolescent report rather than objective measures. However, a previous study has found sleep patterns measured via questionnaire to be comparable with sleep diary and actigraphy measurement in adolescents. 53 Finally, the relatively low prevalence of some mental disorder categories, such as eating disorder, may have limited our ability to detect their associations with sleep patterns.
In conclusion, we found that on average among US adolescents, weeknight sleep duration, and related patterns of sleep, such as later bedtime, weekend bedtime, and sleep delay, substantially deviate from recommended standards for optimal sleep. These suboptimal sleep patterns were associated with an array of DSM-IV disorders and other health-related outcomes among a representative sample of US adolescents. These associations suggest that interventions to optimize sleep patterns may also benefit adolescent mental health, either by preventing the onset of mental disorder or by serving as a marker by which hidden or prodromal mental health problems may be identified by caretakers. Further research is needed to determine whether interventions designed to improve sleep patterns among adolescents may also prevent or delay the onset of mental disorder. In addition, longitudinal studies are warranted to investigate the potential effects of sleep patterns during adolescence on the risk for developing mental disorders across the life course. ■
